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Abstract 
Pancreatic exocrine dysfunction in PEM has been a 
frequent observation in many past records. The enzyme 
synthesis by the pancreas is affected by the nutritional 
deprivation.  
This study was designed to determine the pancreatic 
exocrine function, namely serum amylase, lipase and stool fat 
in PEM and its types. An important aim was to correlate the 
defect present to some clinical and biochemical data with 
special emphasis on the effect of nutritional rehabilitation. The 
study was a prospective hospital based case and control study. 
Fifty children with severe Protein Energy Malnutrition (PEM) 
and fifteen healthy age and sex matched group were enrolled 
in the study. 
The cases, including 21 with marasmus, 19 with 
kwashiorkor (KWO) and10 with marasmic kwashiorkor 
(MKWO) were recruited from Gaafar Ibn Auf Specialized 
Children Hospital. Full history and thorough clinical 
examination including anthropometric measurements were 
performed in all cases and controls. 
Serum amylase, lipase and stool fat were estimated 
together with other biochemical investigations namely serum 
albumin and globulin and hemoglobin, on presentation and 
two weeks later. The mean age of presentation in cases was 
18.88+6.6 months with slight female preponderance (52%). 
The bulk of cases were from Western states (58%). 
 v
Illiteracy, inappropriate weaning practices and 
inadequate nutrition were the major risk factors. The most 
frequent presenting symptoms were diarrhoea in 88% and 
vomiting in 78% with hair depigmentation (98%), sparsity 
(90%) and pallor (94%) as major clinical signs. 
All anthropometric measurements were significantly 
lower in cases when compared to controls. 
 Regarding pancreatic exocrine function, serum amylase 
and lipase levels were low in all subtypes of malnutrition, 
being remarkably low in oedematous cases. The indices 
improved after nutritional rehabilitation. Hypoalbuminaemia, 
frequent diarrhoea and oedema were the major determining 
factors for pancreatic enzyme level. Non survivors had even 
more declining indices especially for serum amylase. The 
presence of stool fat in cases augmented pancreatic 
dysfunction but still could be due to other pathologies. 
In conclusion, pancreatic exocrine dysfunction in PEM 
may be an overlooked factor contributing to ongoing 
malnutrition in Sudanese children. Estimation of PEF level is 
recommended as part of the evaluation of patients with PEM. 
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 ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ
 
ﻴﻌﺘﺒﺭ ﺘﺄﺜﻴﺭ ﺃﻤﺭﺍﻀﻴﺔ ﺴﻭﺀ ﺍﻟﺘﻐﺫﻴﺔ ﺍﻟﻭﺨﻴﻡ ﻋﻠـﻰ ﻭﻅﻴﻔـﺔ ﺍﻟﻤﻔـﺭﺯ ﺍﻟﺨـﺎﺭﺠﻲ ﻟﻠﻤﻌﺜﻜﹶﻠـﻪ 
 ﻭﻴﻨﺘﺞ ﻨﻘﺹ ﺘﺼﻨﻴﻊ ﺍﻟﺨﻤﺎﺌﺭ ﺒﻭﺍﺴـﻁﺔ -ﻤﻥ ﺍﻟﻤﻼﺤﻅﺎﺕ ﺍﻟﺸﺎﺌﻌﺔ ﻓﻲ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﺴﺎﺒﻘﺔ ( ﺍﻟﺒﻨﻜﺭﻴﺎﺱ)
  .ﺍﻟﻤﻌﺜﻜﹶﻠﺔ ﻋﻥ ﺘﺄﺜﻴﺭ ﺍﻟﻨﻘﺹ ﺍﻟﻐﺫﺍﺌﻰ ﺍﻟﻤﺒﺎﺸﺭ
ﺯ ﺍﻟﺨﺎﺭﺠﻲ ﻟﻠﻤﻌﺜﻜﹶﻠﻪ ﺒﻭﺍﺴـﻁﺔ ﻓﺤـﺹ ﻤـﺴﺘﻭﻯ ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻟﻘﻴﺎﺱ ﻭﻅﻴﻔﺔ ﺍﻟﻤﻔﺭ 
ﺍﻟﺨﻤﻴﺭ ﺍﻟﻨﺸﻭﻯ ﻭﺨﻤﻴﺭ ﺤﺎﻟﺔ ﺍﻟﺸﺤﻡ ﺍﻟﻤﺼﻠﻰ ﻭﺘﻭﺍﺠﺩ ﺍﻟـﺩﻫﻭﻥ ﺒـﺎﻟﺒﺭﺍﺯ ﻓـﻲ ﺍﻟﺤـﺎﻻﺕ ﺍﻟﻤـﺼﺎﺒﺔ 
ﻤﻥ ﺃﻫﻡ ﺍﻫﺩﺍﻑ ﺍﻟﺒﺤﺙ ﻤﻘﺎﺭﻨﺔ ﺍﻟﻌﻁﺏ ﻤﻊ ﺒﻌﺽ ﺍﻟﺘﻅـﺎﻫﺭﺍﺕ ﺍﻟـﺴﺭﻴﺭﻴﺔ . ﺒﺎﻤﺭﺍﻀﻴﺔ ﺴﻭﺀ ﺍﻟﺘﻐﺫﻴﺔ 
  .ﺔﻭﺍﻟﻤﻌﻤﻠﻴﺔ ﻭﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﺍﻟﺘﺄﻫﻴل ﺍﻟﻐﺫﺍﺌﻰ ﻋﻠﻰ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻷﻭﻟﻴ
ﺘﻌﺘﺒﺭ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ، ﺩﺭﺍﺴﺔ ﺇﺴﺘﻘﺭﺍﺌﻴﺔ، ﻭﺼﻔﻴﺔ ﻋﻠﻰ ﺃﺴﺎﺱ ﺍﻟﻤﻨﻬﺞ ﺍﻟﻤﺴﺘﻘﺒﻠﻰ ﻭﻀﺒﻁ ﺍﻟﺤﺎﻟﺔ 
 ﻁﻔﻼﹰ ﻤﻥ ﺍﻻﻁﻔﺎل ﺍﻟﻤﺼﺎﺒﻴﻥ ﺒﺴﻭﺀ ﺍﻟﺘﻐﺫﻴﺔ ﻭﺨﻤﺴﺔ ﻋﺸﺭ ﻁﻔﻼﹰ ﻤﻥ ﺍﻷﻁﻔـﺎل 05ﺸﻤﻠﺕ ﺍﻟﺩﺭﺍﺴﺔ . 
  .ﺍﻻﺼﺤﺎﺀ ﻤﻥ ﻨﻔﺱ ﺍﻟﺠﻨﺱ ﻭﺍﻟﻌﻤﺭ ﻜﻤﺠﻤﻭﻋﺔ ﻀﺎﺒﻁﺔ
 ﻤـﺼﺎﺒﺎﹰ 91 ﻤـﺼﺎﺒﺎﹰ ﺒﺎﻟـﺴﻐل ﻭ  ﻁﻔـﻼﹰ 12ﺍﺤﺘﻭﺕ ﺍﻟﺤﺎﻻﺕ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺴﻭﺀ ﺍﻟﺘﻐﺫﻴﺔ ﻋﻠﻰ 
 ﺤﺎﻻﺕ ﺃﺨﺭﻱ ﻤﺼﺎﺒﺔ ﺒﺎﻟﻜﻭﺍﺸﺭﻜﻭﺭ ﺍﻟﺴﻐﻠﻰ ﻤﻨﻭﻤﻴﻥ ﺒﻤﺴﺘﺸﻔﻲ ﺠﻌﻔﺭ ﺒﻥ ﻋﻭﻑ 01ﺒﺎﻟﻜﻭﺍﺸﺭﻜﻭﺭ ﻭ 
  .ﺍﻟﺘﺨﺼﺼﻲ ﻟﻸﻁﻔﺎل
ﻭﻗﺩ ﺘﻡ ﺍﺨﻀﺎﻉ ﻜﺎﻓﺔ ﺍﻻﻁﻔﺎل ﺍﻟﻤﺼﺎﺒﻴﻥ ﻟﻠﺒﺤﺙ ﺒﺘﺩﻭﻴﻥ ﺤﺎﻻﺘﻬﻡ ﺍﻟﺘﺎﺭﻴﺨﻴﺔ ﺍﻟﻜﺎﻤﻠﺔ ﻤﻥ ﺨﻼل 
ﻟﻬﻡ ﻓﺤﺹ ﻟﺨﻤﺎﺌﺭ ﺍﻟﻨﺸﺄ ﻭﺍﻟﺸﺤﻡ ﺍﻟﻤﺼﻠﻴﺔ ﻜﻤﺎ ﺃﺠﺭﻯ . ﻓﺤﻭﺼﺎﺕ ﺴﺭﻴﺭﻴﺔ ﻭﺇﺠﺭﺍﺀ ﻗﻴﺎﺴﺎﺕ ﺍﻟﻨﻤﻭ ﻟﻬﻡ 
  .ﻭﺍﻀﺎﻓﺔ ﻟﺫﻟﻙ ﺘﻡ ﻓﺤﺹ ﺍﻟﺯﻻل ﺍﻟﻤﺼﻠﻰ ﻭﺍﻟﻜﺭﻴﻴﻥ ﺍﻟﻤﺼﻠﻰ ﻭﻤﺴﺘﻭﻯ ﺨﻀﺎﺏ ﺍﻟﺩﻡ
ﻜﺎﻥ ﻤﺘﻭﺴﻁ ﺍﻋﻤﺎﺭ ﺍﻻﻁﻔﺎل ﻓﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﻤﺼﺎﺒﻴﻥ ﺒﺎﻤﺭﺍﻀـﻴﺔ ﺴـﻭﺀ ﺍﻟﺘﻐﺫﻴـﺔ 
% 85ﻭﻭﺠﺩ ﺃﻥ ﻤﻌﻅﻡ ﺍﻟﺤﺎﻻﺕ ﻤﻤﺜﻠﺔ ﻓـﻲ % 25 ﺸﻬﺭﺍﹰ ﻭﻜﺎﻨﺕ ﻨﺴﺒﺔ ﺍﻻﻨﺎﺙ ﺘﺸﻜل 6.6 + 88.81
  .ﻨﺕ ﻤﻥ ﻭﻻﻴﺎﺕ ﻏﺭﺏ ﺍﻟﺴﻭﺩﺍﻥﻜﺎ
ﺃﻭﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﺍﻻﻤﻴﺔ ﻭﻤﻤﺎﺭﺴﺎﺕ ﺍﻟﻔﻁﺎﻡ ﺍﻟﺨﺎﻁﺌﻪ ﻭﺍﻟﻨﻘﺹ ﺍﻟﻭﺍﻀﺢ ﻓﻲ ﺍﻟﺘﻐﺫﻴﺔ ﻤـﻥ 
  .ﺍﻷﺴﺒﺎﺏ ﺍﻟﺭﺌﻴﺴﻴﺔ ﻟﻤﺭﺽ ﺴﻭﺀ ﺍﻟﺘﻐﺫﻴﺔ ﻓﻲ ﺍﻻﻁﻔﺎل ﺘﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ
ﻜﺎﻨﻭ ﻴﻌـﺎﻨﻭﻥ % 87ﻜﺎﻨﻭﺍ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﺍﻻﺴﻬﺎل، ﻭ % 88ﺍﻭﻀﺤﺕ ﺍﻷﻋﺭﺍﺽ ﺍﻟﺴﺭﻴﺭﻴﺔ ﺃﻥ 
  .ﺍل ﺼﺒﺎﻍ ﺍﻟﺸﻌﺭ ﻭﺍﻟﺸﺤﻭﺏ ﻜﻤﺅﺸﺭﺍﺕ ﺴﺭﻴﺭﻴﺔ ﺭﺌﻴﺴﻴﺔ ﻤﻥ ﺍﻟﻘﺊ ﻤﻊ ﺘﻭﺍﺠﺩ ﻗﻠﺔ ﻭﺯﻭ
ﻜﺎﻨﺕ ﻜل ﻗﻴﺎﺴﺎﺕ ﺍﻟﻨﻤﻭ ﺍﻗل ﺒﻜﺜﻴﺭ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺘﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻤﻘﺎﺭﻨـﺔ ﻤـﻊ ﺍﻟﻤﺠﻤﻭﻋـﺔ 
  .ﺍﻟﻀﺎﺒﻁﺔ
iiv 
ﻓﻴﻤﺎ ﻴﺘﻌﻠﻕ ﺒﻭﻅﻴﻔﺔ ﺍﻟﻤﻌﺜﻜﹶﻠﺔ ﻓﺎﻥ ﻤﺴﺘﻭﻯ ﺍﻟﺨﻤﺎﺌﺭ ﺍﻟﻤﺼﻠﻴﺔ ﻜﺎﻥ ﻤﺘﺩﻨﻴﺎﹰ ﺒﺼﻭﺭﺓ ﻤﻠﺤﻭﻅﺔ ﻓﻲ 
ﺎﹰ ﻓﻲ ﺤﺎﻻﺕ ﻤﻜﺘﺴﺒﺔ ﺍﻟﻭﺫﻤﺔ ﻜﻤﺎ ﻟﻭﺤﻅ ﺘﺤـﺴﻥ ﺠﻤﻴﻊ ﺍﻨﻭﺍﻉ ﺍﻤﺭﺍﻀﻴﺔ ﺴﻭﺀ ﺍﻟﺘﻐﺫﻴﺔ ﻭﺒﺩﺍ ﺫﻟﻙ ﻭﺍﻀﺤ 
  .ﻤﺴﺘﻭﻯ ﺍﻟﺨﻤﺎﺌﺭ ﺒﻌﺩ ﺍﻟﺘﺄﻫﻴل ﺍﻟﻐﺫﺍﺌﻰ
ﻭﺠﺩ ﺃﻥ ﻨﻘﺹ ﺍﻟﺯﻻل ﺍﻟﻤﺼﻠﻰ، ﺍﺯﺩﻴﺎﺩ ﻤﺭﺍﺕ ﺍﻻﺴﻬﺎل ﻭﺍﻟﻭﺫﻤﺔ ﻜﺎﻨﺕ ﺍﻟﻤﺅﺸﺭﺍﺕ ﺍﻟﺭﺌﻴـﺴﻴﺔ 
  .ﻟﻤﺴﺘﻭﻯ ﺍﻟﺘﺩﻫﻭﺭ ﻓﻲ ﺍﻟﻭﻅﻴﻔﺔ
ﺭﻏﻡ ﻭﺠﻭﺩ ﻋﻼﻗﺔ ﻭﺍﻀﺤﺔ ﺒﻴﻥ ﻭﺠﻭﺩ ﺍﻟﺩﻫﻭﻥ ﺒﺎﻟﺒﺭﺍﺯ ﻭﻤـﺴﺘﻭﻯ ﺍﻟﺘـﺩﻫﻭﺭ ﻓـﻲ ﻭﻅﻴﻔـﺔ 
  .ﻠﺔ ﺇﻻ ﺃﻥ ﻭﺠﻭﺩ ﺍﻟﺩﻫﻭﻥ ﺒﺎﻟﺒﺭﺍﺯ ﻗﺩ ﻴﻌﺯﻯ ﻷﺴﺒﺎﺏ ﺍﺨﺭﻱﺍﻟﻤﻌﺜﻜﹶ
ﺍﻟﻤﺼﺎﺤﺏ ﻻﻤﺭﺍﻀﻴﺔ ﺴـﻭﺀ ( ﺍﻟﺒﻨﻜﺭﻴﺎﺱ)ﺨﻠﺼﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺄﻥ ﻋﺴﺭ ﻭﻅﻴﻔﺔ ﺍﻟﻤﻌﺜﻜﹶﻠﺔ 
ﺍﻟﺘﻐﺫﻴﺔ ﻓﻲ ﺍﻻﻁﻔﺎل ﻗﺩ ﻴﻜﻭﻥ ﻤﻥ ﺃﻫﻡ ﺍﻟﻌﻭﺍﻤل ﺍﻟﻤﺴﺒﺒﺔ ﻟﻤﻭﺍﺼﻠﺔ ﺍﻻﻤﺭﺍﻀﻴﺔ ﻟﺫﺍ ﻨﻭﺠﻪ ﺒﻘﻴﺎﺱ ﺍﻟﻭﻅﻴﻔﺔ 
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Chapter One 
1. INTRODUCTION & LITERATURE REVIEW 
   
1.1    General Consideration and Definition:  
Malnutrition continues to be a major public health 
problem throughout the developing world, particularly in 
Southern Asia and Sub-Saharan Africa1,2. 
Good nutrition is the cornerstone for survival, health and 
development for current and succeeding generations. Well 
nourished children perform better in school, grow into healthy 
adults and in turn give their children a better start in life3.   
Different nutritional disorders prevail at different stages 
in the life cycle4.   
The WHO defines malnutrition as ‘the cellular imbalance 
between supply of nutrients and energy and the body’s 
demand for them to ensure growth, maintenance and specific 
functions’5. 
The high prevalence of bacterial and parasitic disease in 
developing countries contributes greatly to malnutrition 
there1,2,6. 
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It is consequently the most important risk factor for the 
burden of disease in developing countries7,8. 
Although the causes of malnutrition are complex and 
multidisciplinary, dietary and environmental factors do play a 
major role9. Thereby the high prevalence of poor diet and 
infectious diseases regularly unite to form a vicious circle10 of 
recurring sickness and faltering growth6. 
 
1.2 Classification of Protein Energy Malnutrition 
(PEM): 
 Classifications were based solely on weight and age.  
Gomez et al11 defined severe malnutrition (3rd degree) as weight 
for age (current weight divided by weight at the 50th percentile 
for the patient’s age) less than the 60th percentile. First and 
second degree malnutrition are defined as the 75th to 90th 
percentile of weight for age and as the 60th to 75th percentile of 
weight for age, respectively. But this revealed many 
drawbacks. 
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 The WHO, then, recommended the use of growth charts 
based on the National Center for Health Statistics (NCHS) 
data12. These provided practical methods for establishing the 
presence and degree of PEM13. 
 Later, in the early seventies, the Wellcome Trust 
Classification was reported by FAO/ WHO Expert Committee. 
This divided the types according to body weight as percent of 
standard and presence or absence of oedema 14.  
The different clinical entities of PEM are: underweight 
which lies between 60 to 80% of standard weight, in the 
absence of oedema, nutritional dwarf in the 60% without 
oedema, marasmus is a weight below the 60% in the absence 
of oedema. Kwashiorkor lies between 60 – 80% with oedema 
and marasmic Kwashiorkor less than 60% with oedema. 
 Other classifications, Waterlow criteria15, McLaren and 
Read adopted the use of weight and height16.  
 Recently the WHO revised the Wellcome Classification 
using the Z score or standard deviation below the mean weight 
for height and height for age17. It also included the presence or 
absence of oedema. The standard deviation (SD) score is 
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defined as the deviation of the value for an individual from the 
median of reference population divided by standard deviation 
of the reference population. Accordingly, three (SD) below the 
mean weight for height or less than 2 (SD) in absence of 
oedema is considered as moderate wasting. In the presence of 
oedema, the same (SD) is considered as severe wasting. 
Similarly –2 (SD) or –3 (SD) height for age without oedema is 
moderate stunting while –3 (SD) in presence of oedema is 
severe stunting17.   
 
1.3    Incidence Morbidity and Mortality: 
The degree and distribution of PEM in a given population 
depend on many factors: the political and economic situation, 
the level of education and sanitation, the season and climate 
condition, food production, cultural and religious food 
customs, breast feeding habits, prevalence of infectious 
diseases, the existence and effectiveness of nutrition programs 
and the availability and quality of health services1, 2.      
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Of all children under the age of 5 yrs in developing 
countries, about 31% are under weight, 38% have stunted 
growth and 9% show wasting1. 
Worldwide, an estimated 852 million people were under-
nourished in 2000-2002 with most (815 million) living in 
developing countires18. 
The WHO estimated that approximately 180 million 
children (26.7%) younger than 5 years in developing countries 
are malnourished and have decreased weight for age.  An 
additional 200 million children have stunted height secondary 
to poor nutrition5. 
According to the WHO, 49% of the 10.4 million deaths 
occurring in children younger than 5 years in developing 
countries are associated with PEM17. As for the duration 1995-
2004, in Latin America, the incidence of malnutrition 
remained practically unchanged19. 
In the period 2000-2003 malnutrition represented 53% of 
child deaths under 5 years of age2. Whereas throughout the 
period Sep. 2003- Aug. 2004, case fatality rate was 7.3% in 
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children under 5 years in 8 sites in South Africa. Underweight 
represented 69% of this deaths20. 
 
1.4    The Scope of Malnutrition in Sudan: 
Much work was done to elucidate the scope of the 
problem in Sudan, backdating to the early thirties21, 22. 
Corkill was the first investigator in the village of 
AbuDeleig in Butana. He described the condition as 
polyhypovitaminoses as well as deficiency of animal protein 
together with plain calorie under-nutrition21.  
Richard  published the first report on weight and height 
measurements after a study for four years in a population of 
Khartoum central prison, Khartoum north reformatory and 
Gordon Memorial collage22. 
In Zande area, Culwick  stated the prevalence of signs 
which she ascribed to nutritional ill health23. 
In a study survey in Haj Yousif, food was found to be 
deficient in animal protein as well as fresh vegetables and 
fruits24. In 304 children in the same area, 3.9% had 
marasmus, and 2.6% had kwashiorkor25. 
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Results documented in the early sixties, addressed age of 
incidence which was found to be between 6 and 36 months. 
The mortality rate in Medani at the same time was 20%26. 
In a prevalence survey conduced in parts of Khartoum, 
Northern and Blue Nile provinces, Munoz27, reported that 
incidence of PEM is about 40% at 6month and ranged between 
53% and 64% in ages 12-36 months. 
A long term follow up study revealed that kwashiorkor 
and marasmus contributed to the highest mortality rates of 
8.8% and 11.8% respectively, in the studied subjects, whereas 
anaemia constituted a mortality rate of 6.62%28. 
Hassan and Rabie studied different aspects of the growth 
parameters in PEM. They established local growth curves for 
Sudanese living in Khartoum, from which they put limit 
standard values between malnourished and well nourished 29. 
Coulter et al30 reported that marasmus represented the 
bulk of admission in Khartoum Teaching Hospital (KTH) 
althrough the year, kwashiorkor peak admissions were in the 
wet and post wet season.  Mothers of affected children were 
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pregnant with poor housing condition, water supply, 
sanitation and less education than controls. 
A paper presented by Elamin, addressed changes in 
nutritional status in relation to access to food and season. The 
nutritional status was found to be better where wheat rather 
than sorghum or millet was the staple31. 
In a cohort of 28, 753 Sudanese children aged 6month-
6years, the relationship between malnutrition and mortality 
was studied. Low weight for height was significantly associated 
with an increased risk of mortality. A significant inverse 
relation was identified between height for age and mortality32.  
In Darfur, malnutrition is significantly high even when 
compared with elsewhere in Africa.33 In Jan 2006, the 
magnitude was much perpetuated and it approached 60% of 
children under 5 years34. 
UNICEF, WFP, FAO and NGOs are conducting surveys 
and surveillances covering different regions of Sudan and 
collecting information for the programme, mostly for acute 
malnutrition.  Results revealed that chronic malnutrition affect 
43% of children under 5 years while acute malnutrition affects 
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16% in Northern Sudan. In Southern Sudan it was 45% and 
21% respectively34.  
Different aspects concerning malnutrition were 
thoroughly investigated in Sudanese children. Hyder35 studied 
the different enteropathogens associated with acute diarrhoea 
in malnourished children. The most offending organisms were 
E-coli and Rota virus. 
Minerals and trace elements, including pyridoxine 
deficiency36, and the low selenium status37, were also covered. 
The acute phase reactants and immune status were 
studied by Omer Suliman38 and Adil39, respectively. 
Faisal studied the hormonal disturbances associated 
with malnutrition40. 
On the other hand Mahgoub studied the lipid profile in 
PEM. He found low serum cholesterol levels and this increased 
during hospital stay. Mean lipoproteins and triglycerides levels 
were similar to controls41.   
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1.5    Pathophysiology: 
 The word protein energy malnutrition describes the cause 
more than the pathogenesis of starvation42. Pathologic changes 
are immunologic, metabolic and lack of substrates (e.g. 
tyrosin), coenzymes and micronutrients43. 
 Despite decades of debate, pathophysiology of 
malnutrition is still not fully understood2. Some evidence 
pointed towards aflatoxins in relation to Kwashiorkor44. 
Results of researches performed in Sudanese children 
suggested similar possible relationship45. 
 More recently a role of free radicals has been 
considered46, 47. The high red cell superoxide dismutase (SOD), 
the decreased plasma ceruloplasmin, antioxidant vitamins and 
whole blood glutathione peroxidase (GPX) activity cause 
increased oxidative stress and consequently oedema48. The 
enzyme antioxidant level improves after nutritional 
rehabilitation49. 
 The reason why only some children develop oedematous 
severe childhood malnutrition (OSCM) has remained elusive. 
The heterogeneity of clinical appearances among children from 
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relatively homogenous backgrounds suggested that inter-
individual variation in susceptibility to OSCM may exist50.   
In a study conducted in Jamaica, a suggestion of genetic 
variation within Glutathione S-transferase super family 
(GSTP1, Val105) contributing in the risk of OSCM was raised. 
Large data sets studies are further needed to assess the 
relation50.  
The term marasmus is derived from the Greek word 
Marasmos, which means withering or wasting. It involves 
inadequate intake of proteins and calories and is characterized 
by emaciation. The term Kwashiorkor is taken from the Ga 
language of Ghana and means "the sickness of weaning". 
William first used the term in 1933, and it refers to an 
inadequate protein intake with reasonable caloric energy 
intake. Edema is characteristic of Kwashiorkor but is absent 
in Marasmus. It is common in tropical and sub-topical regions 
in young children weaned on a diet chiefly of starchy foods 
such as grains, cassava and sweet potato51.  
Marasmus represents an adaptive response to starvation, 
whereas Kwashiorkor represents a maladaptive response. 
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There are mixed picture of both, for this reason, Jelliffe 
suggested the term protein calorie (energy) malnutrition. 
Generally, in Marasmus, the body draws on its own 
stores to match the body's requirements resulting in 
emaciation. In Kwashiorkor, adequate carbohydrate 
consumption and decreased protein intake lead to decreased 
synthesis of visceral protein. The resulting hypo-albuminaemia 
contributes to extra-vascular fluid accumulation51.    
Furthermore several pathologies go on during 
malnutrition. Fatty degeneration of liver and heart causes 
cardiac insufficiency especially if there is oedema52.  
Temperature regulation and water storage capacity are 
impeded by the loss of subcutaneous fat leading to 
dehydration, hypothermia and hypoglycaemia53.   
 The chronic hypovolaemia that ensues will lead to 
secondary hyperaldosteronism and further complicates the 
fluid and electrolyte imbalance54. The depressed immune 
system on the other hand, fails to respond to infections and it 
cannot produce even the fever that is typical of inflammation55. 
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 PEM and micronutrient deficiencies overlap.  Iron 
deficiency leads to anaemia56 and iodine to thyroid 
dysfunction1. Zinc and other micronutrients deficiencies 
interferes with various biological functions such as gene 
expression, protein synthesis, skeletal growth, gonad 
development, appetite and immunity and some specific 
immune processes. Zinc is also a major determinant for 
diarrhoea and pneumonia57.      
 
1.6    The Gastrointestinal Tract and PEM: 
 Malnutrition affects virtually every organ system.5 In the 
gastrointestinal tract, the primary role is digestion and 
absorption of nutrients. Severe protein energy malnutrition is 
associated with atrophy of the mucosa of the small bowel; 
leading to a loss of absorption as well as digestion capacity58. 
This atrophy encompasses the gastric and intestinal mucosa 
and pancreas59. 
 In very early studies, these changes were possibly related 
to the rapid protein turnover althrough the gastrointestinal 
mucosa60. 
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Functionally there is hypo and achlorohydria, bacterial 
proliferation in the stomach and upper intestine together with 
malabsorption of macro and micro nutrients61. 
 Defects in absorption of fat relate not only to mucosal 
injury but also to a transient bile acid deficiency due to fecal 
loss of bile62. A more severe fat malabsorption is commonly 
reported after episodes of diarrhoea63,64.  
 Clinically, all the hallmarks of malabsorption, steatorrhea 
and azatorrhoea occur. The patient with either exocrine 
pancreatic insufficiency or small bowel disorder may present 
with history of diarrhoea, steatorrheal stool, weakness and 
significant loss of weight resulting from nutritional caloric 
deficits65,66.  
Early studies suggested an increase in the lipid content 
of stool in children with severe malnutrition. There is evidence 
to implicate pancreatic insufficiency67,68, bacterial overgrowth 
of small intestine69, impaired reabsorption of bile salts, 
excessive bile salt deconjugation63,70, intestinal desquamation 
and villous atrophy of the small intestine71.           
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Malabsorption in malnutrition has several functional 
etiologies: hypoproteinaemia causing bowel wall oedema, the 
decreased absorptive surface and bacterial proliferation with 
competitive utilization of vitamin  B12, deconjugation of bile 
salts and reduced pancreatic enzyme secretion together with 
delayed gastric emptying61.  
 The abnormalities of the gastrointestinal handling of 
lipids were observed in over 50% of children with severe 
malnutrition. The lesions usually improve as treatment 
progress leading to concomitant improvement of function72. 
 
1.7    The Pancreas: 
1.7.1   Anatomy: 
The pancreas, a retroperitoneal organ lies transversely in 
the upper abdomen between the duodenum and spleen73. It 
can be divided into, a head, body and tail: the head is 
boundered  by the C shaped region of the duodenum, to which 
it is intimately attached by connective tissue. The body and 
tail extend across the midline of the body towards the hilum of 
the spleen74.  
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Pancreatic juice empties from a duct extending along the 
axis of the gland to the duodenum via the ampulla of vater74.  
1.7.2      Histology: 
Histologically, the pancreas consists of tubuloacinar 
glands representing, the exocrine unit. These surround the 
islets of langerhans, which represents the endocrine unit73.  
The acinus, the basic unit of the endocrine tissue, 
consists of pyramidal epithelial acinar cells. In these are 
numerous zymogen granules which contain the pancreatic 
enzymes or enzyme precursors74.  
The endocrine cell types present are α, β, D and PP cells, 
which secrete glucagon, insulin, somatostatin and pancreatic 
polypeptides, respectively75.  
1.7.3     Physiology:  
          The pancreatic juice entering the duodenum is a 
mixture of two types of secretions, an enzyme rich secretion 
and an aqueous alkaline secretion. The enzymes are secreted 
by the acinar cells and the alkaline fluid by the duct cells. The 
alkaline fluid is rich in HCO3-  but it also contain Na+, K+, Mg2+, 
Cl- and other ions resembling an ultrafiltrate of plasma74.  
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Its high HCO3- content is important because the 
pancreatic enzymes require a neutral or slightly alkaline ph for 
their activity. Moreover it is important for micelles formation 
and protection of the intestinal lumen74.  
The active enzymes secreted by the acinar cells are α 
amylase, lipase, ribonuclease, and deoxyribonuclease while 
the inactive enzymes include the proteolytic enzymes, trypsin, 
chymotrypsin, carboxypeptidase and elastase and 
phospholipase A76. 
Pancreatic secretion is under the control of stimulatory 
hormones, secretin and cholecystokinin secreted by the APUD 
cells of duodenal mucosa, and the inhibitory action of 
somatostatin secreted by the D cells74. 
 
1.8   Pancreatic Enzymes:  
The pancreatic α amylase, catalyzes the hydrolysis of 
amylopectin, amylose, glycogen and their partially hydrolysed 
products. In hydrolysis amylose gives rise to a mixture of 
maltose and glucose, whereas amylopectin yields a mixture of 
branched and unbranched oligosaccharides. Human 
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pancreatic amylase contains one or two major and one or more 
minor isoenzymes after fractionation by electrophoresis77. 
Lipase, which is secreted solely by the pancreas, is a 
glycoprotein.  It hydrolyses triglycerides to monoglycerides. 
The enzyme precursors secreted by the acinar cells are 
activated in the lumen of the duodenum and jejunum. 
Trypsinogen is converted to trypsin plus a short peptide. 
Trypsin catalyses the conversion of more trypsinogen and 
convert chymotrypsinogen, procarboxypeptidase, proelastase 
and prophospholipase A to their activated forms74. 
Pancreatic enzymes may be present in the primitive hilar 
bile ducts and hepatocytes in fetal livers. Hilar ducts, 
hepatocytes and pancreas may have similar fetal enzymatic 
profile they may also have a common cell lineage78. 
Pancreatic amylase is not available in the duodenal fluid 
during the first four months of life, when the pancreatic lipase 
is also low79. 
In addition, in the immediate post natal life, the 
pancreatic acinar cells are not responsive to pancreozynmin79 
and bile salt level in the duodenal fluid is low80. Other 
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gastrointestinal functions such as gastric acid secretion81 are 
also still immature.  
The late appearance of pancreatic amylase only at 6-9 
months after birth when starch is introduced into the infants 
diet might imply that the diet is playing a role in the 
expression of the amylase gene in the pancreas82. 
It is also possible that appearance of pancreatic amylase 
has evolved to coincide with the time of starch feeding such 
that genetic programming will permit the production of 
pancreatic amylase in anticipation of starch food82. 
 
1.9       The Exocrine Pancreas and PEM: 
Various structural lesions of the exocrine pancreas have 
been described in children with malnutrition. These lesions 
include atrophy of acinar cells, disorganization of cell 
architecture, decreased number of zymogen granules and 
mitochondria, decrease in rough endoplasmic reticulum 
dilatation of ducts and fibrosis. They may occur either in 
kwashiorkor or marasmus83-88. 
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In an autopsy of children dying from malnutrition, light 
and electron microscopy, revealed pancreatic atrophy with 
variable amount of degranulation of the endoplasmic 
reticulum89. 
Similar studies of intestinal biopsies from marasmic 
children revealed blunting of villi and elongation of crypts90-91. 
Animals, showed similar autopsy findings92. Under-
nourished rats during the suckling period had reduced 
intestinal and pancreatic weights and enzymes. Lipase being 
reduced to the greatest extent, trypsin and amylase to an 
intermediate extent and chymotrypsin and carboxypeptidases 
the least93. The specific activity of both lipase and trypsin is 
decreased. Lipase is the most severely affected94. 
In growth retarded piglets95 and rats96, decreased 
amylase and insulin level suggest both endocrine and exocrine 
pancreatic dysfunction.  
Exocrine pancreatic insufficiency usually does not 
develop before reduction of enzyme output by more than 90%. 
The caloric deprivation is primarily due to fat malabsorption 
recognized by passage of bulky foul smelling greasy stools97. 
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The uptake of amino acid per gram of tissue weight, is 
greater in the pancreas than other organs98. Deficiency of 
amino acid lead to diminution in the amount needed by the 
pancreas for elaboration of its enzymes. Exocrine pancreatic 
atrophy, later ensues59. 
In concomitant disease of intestinal mucosa, there may 
be impairment of the pancreatic stimulating hormones, 
secretin and pancreozymin59. 
Increased intralumenal pressure and pathologic 
alteration of the ampulla of vater, can be another contributing 
factors which interfere with pancreatic flow. Moreover, effects 
of intestinal flora need to be evaluated59. 
In Kwashiorkor, the relatively excessive carbohydrate 
intake stimulates the pancreas by hormonal and neurogenic 
mechanisms and be compared with “flogging a tired horse” 99. 
Although the clinical history may aid in the differential 
diagnosis, many laboratory studies have been devised to 
distinguish further between pancreatic and intestinal 
malabsorption. Basically these tests employ undigested 
compounds such as triglycerides, proteins and starches which 
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require pancreatic enzymes for their digestion, prior to the 
absorption of the basic products by the intestine. If these are 
not absorbed then a simple digested material, is administered 
to document the intestinal integrity99. 
Specific lesions of acinar but not of duct cells could 
explain the decrease in pancreatic enzyme activity, because 
water and electrolyte secretion are better preserved than 
enzyme secretion99-103. 
 During the course of malnutrition lipase and phospho-
lipase99,101-103 are rapidly diminished whereas amylase may be 
unaffected. Proteolytic enzymes are usually preserved except 
in prolonged or recurrent protein calorie mal-nutrition102. 
The studies of enzymatic changes in pancreatic secretion 
in adults and children with PEM have uniformly shown a 
varying degree of low output of trypsin, lipase and amylase. 
But the absolute values of enzymes reported by different 
investigators are not comparable because of difference in 
methods of enzyme estimation and absence of post stimulatory 
findings in some104. 
 
 23
1.10    Diagnosis of Exocrine Pancreatic Function:  
Documentation of partial or complete insufficiency of 
exocrine pancreatic function in infancy and childhood is often 
very important in diagnosis and evaluation of pancreatic 
diseases105. 
Stool fat and starch excretion, fecal trypsin and 
chymotrypsin activity106,107 and other absorption excretion 
tests have been used to evaluate exocrine pancreatic 
function108. 
There has been a push from chemical pathology 
laboratories to discontinue quantitative measurement of stool 
fat, arguing that it is unreliable and of limited clinical value109. 
Alternatively qualitative presence of fecal fat can be indicated 
by using Sudan Red III stain110 or Sudan Black IV stain, which 
is a dimethyl derivative of Sudan III111. These tests often lack 
the sensitivity and specificity. Fecal elastase-1 on the other 
hand is a specific test in absence of villous atrophy112. 
Other tests used are, serum levels of α amylase, lipase 
and cationic trypsinogen. Serum amylase is non specific, 
because it can also indicate salivary gland and other lesions. It 
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is reported that 70% of patients with mumps parotites have 
elevated amylase and lipase levels113. Serum isoamylases are 
suggested to be more sensitive when used in conjunction with 
fecal fat measurement108. 
On the other hand renal failure affects both amylase and 
lipase because they are excreted by the kidneys76. Data also 
showed that diabetes is associated with defective exocrine 
pancreatic function114.  
Serum lipase is specific to pancreatic pathologies. Serum 
cationic trypsinogen is a sensitive diagnostic screening test. 
Prothrombin time is an indicator of fat soluble vitamin 
absorption. However, the sensitivity and specificity are low 
secondary to the production of vitamin K by colonic 
bacteria110. 
Duodenal intubation with direct measurement of 
pancreatic secretion is the most accurate diagnostic test of 
pancreatic function. Unfortunately, this is difficult to perform, 
uncomfortable to the patient, time consuming for patient and 
physician and at times unsuccessful115. 
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The Bentiromide test use oral dose of Bentiromide which 
contains para-amino benzoic acid (PABA) linked to a benzoyl-
tyrosine. This is cleaved by chymotrypsin; therefore high levels 
are obtained with deficient chymotrypsin110.   
                          
1.11 Protein Repletion and Exocrine Pancreatic 
Function:  
The early assumption of Gomez that the output of 
pancreatic enzymes does improve with protein repletion in 
Kwashiorkor with uncertain rate of recovery and completeness 
stimulated further studies100. 
GO Barbezat and Hansen in 1968 assessed pancreatic 
juice by duodenal aspiration, after stimulation with secretin 
and pancreozymin, in 14 kwashiorkor and 7 marasmic patient 
from South Africa. Volume output and pH remained 
unaffected while enzymatic output (namely amylase, lipase, 
ribonuclease and trypsin) were grossly deficient in both 
marasmus and kwashiorkor patients.  The results were found 
to be related to hypoalbuminaemia with complete and early 
restoration after dietary therapy99. The steotorrhoea present  
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can be attributed to lipase deficiency, however, intestinal 
villous atrophy also contributed to malabsorption104. 
Maximal bicarbonate concentration and lipase activity 
were the parameters most clearly affected by malnutrition and 
those showing the fastest recovery. These were the results 
obtained by Descos, Duclieu J and Minaire Y in 1977. They 
performed the test in 4 patients with primitive malnutrition 
and concluded that malnutrition is unlikely to be a cause of 
chronic pancreatitis116. 
In 1990, 198 Australian infants (6-36 months) were 
assigned to three nutritional groups, normal, moderate or 
severely malnourished and two growth groups, stunted and 
non stunted. Mean immuno reactive trypsinogen (IRT) levels 
for the moderate and severely underweight groups were found 
to be significantly greater than the mean for the normal 
group117. 
Serum cationic trypsinogen was measured in a group of 
31 Spanish malnourished babies. It was found to be elevated 
compared to a well nourished group. It suggested evidence of 
pancreatic damage, increasing according to the degree of mal-
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nutrition. Serum IRT is sensitive and detected even if the 
patient does not present with qualitative steatorrhoea118. 
Low immunoreactive trypsin levels were recorded in 17 
Sudanese children with PEM in comparison with 7 healthy 
group. The results suggested that, exocrine pancreatic 
deficiency may contribute to the diarrhoea and may reflect the 
restart of pancreatic disorder119. 
In a comparison study done in 1986, 11 normal African 
children were found to have decreased aspirate volume, 
bicarbonate content, lipase, amylase, phospholipase, Cl- and 
Ca+ but not trypsin and chymotrypsin, when compared to 62 
normal Europeans. In African children with kwashiorkor, all 
enzymes were low except for trypsin, the volume and 
bicarbonate content of aspirate, when compared to their 
African counterpart102. 
In most results, after feeding the patient a well balanced 
diet refered to as "feeding from here on", exocrine pancreatic 
function was usually restored99,102,120,121,122. But in some few 
cases, atrophy and fibrosis persist88. The lesions are more 
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likely to persist when malnutrition starts early in life or has 
been present for a long time122. 
Structural recovery is usually complete in 4 weeks and 
functional recovery is achieved in 3-4 days99,101. By 30 days 
after the well balanced diet begin, there is generally no 
difference between treated patients and control subjects from 
the same population except in west Africa123. 
The rapid histological improvement in the pancreas after 
protein repletion correlates well with the restoration of 
pancreatic function demonstrated during recovery from 
kwashiorkor87,88. 
It also appeared that if protein depletion was of such 
severity that the serum albumin concentration fell below 3 
grams/100ml some degree of pancreatic hypofunction is 
commonly found. Thus it would be interesting to determine 
whether or not it is the relative proportion of carbohydrates 
and proteins which determines the degree of pancreatic 
involvement99. 
The results in West Africa are much fascinating. Children 
with kwashiorkor in Abidjan and Dakar had similar reductions 
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in exocrine secretion. In patients in Abidjan there was a 
decrease (significant only for lipase and phospholipase) 
compared not only with French but with local control subjects. 
Dakar patients also had lower pancreatic secretory function 
compared to their control subjects. Following feeding 
pancreatic insufficiency resoled in Abidjan but not Dakar even 
after feeding for 28 days. In West African malnourished 
children, there is latent pancreatic insufficiency. These were 
more severe in Dakar where in contrast to Abidjan it is neither 
aggravated by kwashiorkor, nor corrected by feeding123. 
 Recently Elhodhod in Egypt noted decreased serum 
amylase and lipase together with decreased pancreatic head 
size, in 33 cases of PEM. These values were significantly low in 
all subtypes of malnutrition, marasmus, kwashiorkor and 
marasmic kwashiorkor. Significant improvement followed 
nutritional rehabilitation, coupled by increase in pancreatic 
head size124. 
1.12 Endocrine Pancreas and PEM: 
It has been recognized for many years that function of 
certain endocrine glands is impaired by nutritional deficiency.   
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Extensive investigations of secretion of insulin and human 
growth hormone have revealed that the intake of carbohydrate 
and protein is of great importance in determining plasma 
levels of these polypeptide hormones125.  
In oedematous protein calorie malnutrition, insulin acts 
as the primary regulator of peripheral fuel and growth 
hormone is responsible for providing substrates for brain 
metabolism via lipolysis126. 
There is negligible insulin response to intravenous 
arginine or glucose coupled with marked elevation in growth 
hormone levels, while fasting pancreatic glucagon is high 
during malnutrition and it declines after clinical recovery. 
There are high levels of growth hormone and cortisol and low 
levels of circulating insulin126.   
 The ultra-structure of pancreatic islets in dying mal-
nourished children was visualized by light and electron 
microscopy. In all cases, there were variable degree of 
degeneration of all cell types with membrane damage, loss of 
ribosomes, vesiculation and mitochondrial swelling. B cells 
showed high proportion of precursor granules compared to 
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crystal forms possibly accounting for low insulin serum levels 
reported by other workers.  It is suggested that the changes 
are due to free radical damge127. 
In monkeys, pancreatic endocrine changes revealed 80% 
increase in A (Glucagon) cell volume and 60% reduction in B 
(insulin) cell volume128. The numerical density of the endocrine 
pancreas islets showed similar pattern in rats129. 
Significant lowering in insulin was also noted in 50 
polish children with protein calorie malnutrition when 
compared to a control group130. 
 
1.13    Pancreatic Therapy: 
Pancreatic dysfunction may be a common and important 
overlooked factor contributing to ongoing malnutirion.117 
Pancreatic enzyme preparations were formulated but were 
found to be unstable because of stomach acidity. Subsequently 
medications such as antiacids were added. Later on enteric 
coated enzyme preparations were developed, that would 
release only in alkaline milieu, protecting the enzyme from 
acid denaturation131.  
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Depending on the fact that there is such a rapid return of 
pancreatic function with protein repletion, it is apparent that 
the use of pancreatin is not indicated. Protein repletion 
remains the vital factor in the therapy of these patients99. 
Estimation of pancreatic function can be used as a prognostic 
parameter124. 
 
1.14   Management and Control 
        A complex management scheme is pivotal to reduce 
mortality132.  
The WHO adopted a 10-step scheme which proved its 
effectiveness. This addressed, hypothermia, hypoglycaemia, 
dehydration using (ReSoMal), micronutrients, infections, 
electrolytes, starter nutrition, tissue building and stimulation 
to prevent permanent psychological effects of starvation.   
Lastly is prevention of relapse by early identification of 
cause and involving the family and community in prevention15. 
Patients with extreme anaemia should be treated accordingly. 
The WHO is currently revising its protocol to address 3 
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difficulties: HIV infection or AIDS, infants younger than 4 
months and the limited availability of potassium, magnesium, 
zinc, copper preparations133. 
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JUSTIFICATION 
 
• PEM is a major paediatric problem, the magnitude of 
which stimulates further studies in order to minimize 
morbidity and mortality and to suggest possible 
solutions. 
• Exocrine pancreatic changes, using ∝ amylase lipase and 
stool fat, associated with malnutrition was not studied 
before in Sudanese children.   
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OBJECTIVES 
 
1. Determine exocrine pancreatic function in Sudanese 
children with protein energy malnutrition targeting: 
• Serum ∝ amylase. 
• Serum lipase. 
• Fecal fat (Fat droplets).  
2. Compare this profile in the various types of PEM. 
3. Evaluate the effect of nutritional rehabilitation on the 
values (After two weeks). 
4. Relate the exocrine pancreatic function changes to:  
• Some demographic characteristics and 
practices. 
• Clinical: oedema and diarrhoea and outcome. 
• Biochemical entities: serum albumin, globulin 
and Hb level. 
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Chapter Two  
2. MATERIALS AND METHODS 
 
2.1.    Nature of Study: 
  A prospective hospital based case and control study. 
2.2.    Study Area: 
The study was conducted in the paediatric wards and the 
referred clinic of Gaafer Ibn Auf Specialized Hospital for 
Children. 
2.3.   Duration of the Study: 
The study was conducted during the period November 
2006 to April 2007. 
2.4.   Study Population:  
Children between the ages of 6 and 60 months with PEM 
who were admitted to the hospital were the subjects of this 
study. This age was selected because it is the age of high 
prevalence of PEM. 
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2.5.   Sample Size and Sampling Technique: 
2.5.1. Case definition: 
Selection of cases was according to Welcome trust 
classification: 
Marasmus, Kwashiorkor, and Marasmic Kwashiorkor 
cases (according to Boston 50th centile and presence or 
absence of oedema) presenting to the study area at the 
specified time.   
    2.5.1.1.  Inclusion criteria: 
The cases are patients with PEM presenting to the study 
area at the specified time and fulfilling the entry criteria. 
   2.5.1.2.  Exclusion criteria: 
- Patients with concomitant chronic illness. 
- Patients with impaired exocrine pancreatic function:      
- Diabetics.  
- Acute renal failure. 
- Tuberculosis.  
- Presence of Mumps.    
- Refusal to participate in the study. 
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Diabetes was excluded using RBS and urine general, 
renal failure was assessed by blood urea, serum Na and K+ 
while mumps was excluded clinically. Mantoux tests, Chest X-
ray, ESR were performed in all cases to exclude tuberculosis. 
  
 2.5.2.  Sample size: 
 Convenience sample size = 65  
The cases are calculated as: marasmus (21), kwashiorkor 
(19) and marasmus kwashiorkor (10) cases.  
The control group included children with normal weight 
(i.e; body weight of over 80% of Boston 50th centile) presenting 
to the referred clinic with minor problems but not having fever, 
because viral illness may affect pancreatic function. These 
were matched with cases for age and sex and they were 15 in 
number.    
All wards of the hospital were surveyed every other day 
for cases of malnutrition fulfilling the criteria admitted for the 
previous two days. 
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Control group on the otherhand, were recruited from the 
outpatient clinic which was visited two days of the week.  
These were comparable to cases. 
   
2.6. Research Tools and Methods: 
    2.6.1. Research team: 
- The Author. 
- A lab technician. 
- Statistician.  
   2.6.2. Research tools: 
       2.6.2.1. Questionnaire containing the following data: 
- Socio-demographic data. 
- Dietetic history.  
- Breast feeding and weaning practices.  
- GI symptoms. 
       2.6.2.2. Clinical examination:  
Thorough clinical examination was performed in all 
subjects together with recording the:  
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       A.   Anthropometric data: 
1- Weight: the children were weighed with light dresses and 
without shoes, the WT was measured in kgs and the 
reading was taken to the nearest 100gm.  
2- Length and Height:  
• Length: To measure the length of the patients, the 
child was laid in a flat wooden table with the head 
within the same horizontal plane of the feet and the 
body straight. The feet and the head were made 
perpendicular to the table and marks were made on 
both sides of the head and feet. The distance between 
the marks was read to nearest 0.1cm with a non-
stretchable tape.    
• Height: To measure the height the child was allowed 
to stand without shoes with heels and back in 
contact with an upright wall using height 
stadiometer, the height was measured in cm and the 
reading taken to the nearest 0.1cm. 
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3- Head circumference: was measured around the occipito 
frontal diameter with a flexible non-stretchable tape to 
the nearest 0.1cm.   
4- Mid arm circumference: The upper arm of the child was 
allowed to hang down in a relaxed position. At the mid 
point between the acromion process and the olecranon of 
the elbow, the arm circumference was measured using a 
flexible non-stretchable tape to the nearest 0.1cm.  
B. Clinical signs: 
- Mood. 
- Skin, hair signs and eye examination.   
- Oedema and pallor.  
- Hepatomegaly  and Splenomegaly.  
2.6.3. Laboratory studies:  
? Exocrine pancreatic function was assessed using 
serum amylase and lipase with qualitative 
measurement of stool for fat using Sudan red III 
(before and after nutrition). Other methods were not 
used because of financial technical and expertise 
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reasons. Quantitative measurement of stool fat is 
unreliable and of limited clinical value.    
? Total protein serum albumin and globulin. 
? Hb. 
2.6.4. Methodology: 
• Blood samples were taken randomly with no specified 
time, on the second day of admission and two weeks 
later after obtaining an informed consent from the 
parents. Venous samples were obtained by disposable 
syringes from a peripheral vein by milking or from 
femoral vein if necessary. The samples were collected as 
3cc in a plain tube and 2cc in heparinized tube. The 
first tube was used for biochemical and enzymatic 
measurement while the second tube for hemoglobin 
determination. Samples in the first tube were 
centrifuged within one hour to obtain serum and stored 
at -20 degrees centigrade until analyzed. 
• The first stool sample was taken after stoppage of 
diarrhea because neutral fat is present in feces infected 
with rotavirus and E-coli. The second sample was taken 
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after receiving a balanced diet with elemental and 
vitamin supplementation in the form of Ca, Zn, K, 
multivitamins, folic acid and iron, after two weeks. 
Acute conditions such as infections and dehydration 
were managed accordingly.  
• Measuring tools are: non-stretchable measuring tape 
weighing machine, stadoimeter, spectrophotometer for 
enzymes and protein assay. 
2.6.4.1. Lab methods: 
• Methods of reading α amylase: 
       The principles of the method is based on the fact that α 
amylase hydrolysis the 2 - Chloro - 4 nitrophenyl - α - D - mal-
totrioside (CNPG3) to release 2 Chloro - 4 nitrophenol (CNP) 
and form 2 - Chloro - 4 - nitrophenyl - α - D maltoside 
(CNPG2), maltotriose (G3), y glucose (G). The rate of the 
reaction when measured photometrically is proportional to the 
catalytic concentration of α amylase in the sample.The Kits 
used were the spinreact α amylase CNPG3 Kienetic liquid kits. 
        The instrument is adjusted to zero using distilled water, 
and then 1 ml of reagent is added to 20 µl of serum. The initial 
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absorption (A) of the sample and at 1 minute intervals for 3 
minutes was read automatically by instrument at a wavelength 
of 405 nm and 37°C. Sensitivity is 0.0003∆A /min134. 
 
• Method of reading serum lipase: 
Lipase catalyzes the hydrolyses of a chromogenic substrate 
and the catalytic concentration is determined from the rate of 
the red dye formation measured at 570nm. 
The Biosystems lipase Kits used contained two reagents . 
800µl of reagent A is added to 12µl of serum at 37°C and after 
5 minutes, 400µl of reagent B is added. Initial absorbance is 
measured after 3 minutes and 1 minute intervals thereafter for 
3 minutes. The difference between the consecutive 
absorbances and the average absorbances difference per 
minute (∆ A/min.) is calculated. Sensitivity is 0.234mA.L/U135. 
• Biochemical Analysis: 
 Total protein levels were measured by Biuret method. 
Albumin was measured by Bromocresol green using Seimed 
Diagnostic Kits. The optical density is then read using the 
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same spectrophotometer. Globulin level was obtained by 
subtraction of albumin from total protein. 
CBC was done by spectrophotometery and hemoglobin 
result obtained. 
• Stool analysis: 
 The test indicated the qualitative presence and count of 
triglycerides in stool. A small amount of stool was placed on a 
microscope slide. Two drops of 95% ethanol and 2 drops of 
Sudan Red III stain were then added and covered. Neutral fat 
appeared as orange droplets. To asses for free fatty acids, 2 
drops of 36% acetic acid and 2 drops of Sudan III stain were 
added instead. These again appeared as orange droplets. 
 Moderate steatorrhea is suspected if there are up to 100 
fat droplets per high power field with a diameter of 4-8µm, 
severe steatorrhea is suspected if there are greater than 100 
fat droplets per high power field with a diameter of 6-75 um110.    
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2.7. Data Analysis: 
  Statistical analysis 
    Data was collected and recorded in a master sheet. The data 
was analyzed using statistical package of social sciences SPSS, 
a soft program.  
    Significance testing of difference between proportions was 
conducted using the Chi-square test where applicable and, 
adjusted by Pearson's or Fisher's exact test, depending on the 
number of observations, with a value corresponding to p <0.05 
for significance unless otherwise stated.  
   In Pearson’s test, correlation coefficients ranged in value 
from 1 (a perfect negative relationship) and +1 (a perfect 
positive relationship). A value of 0 indicated no linear 
relationship.  
   Results were expressed as mean and standard deviation. 
The significance of difference between two mean values among 
cases and control group were determined by the Student 
independent t test, or ANOVA if we compare more than two 
means with p<0.05 considered significant. 
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   The Paired-Samples T Test procedure compared the means 
of two variables for a single group. It computed the differences 
between values of the two variables for each case and tested 
whether the average differed from 0. 
   The nonparametric test (The McNemar) for two related 
samples was used to test for differences between paired 
scores. The McNemar method tests the null hypothesis that 
binary responses are unchanged. The McNemar test is 
particularly appropriate with nominal or ordinal test variables. 
2.8. Ethical Consideration: 
• Verbal consent was obtained from all parents or 
accompanying care takers of children in the study (i.e. 
both cases and control groups).  
• Doctors in charge were informed about the results.  
• Investigations were paid for by the author.  
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Chapter Three 
3. RESULTS 
 
 
     This prospective hospital based study performed in 
Gaafer Ibn Auf Specialized Children Hospital, included a case 
group of 50 malnourished patients from the wards and 15 
healthy control groups from the referred clinics. 
3.1   Sociodemographic Characteristics: 
Sex and age were comparable between cases and control 
with no significant statistical difference. 
3.1.1   Age characteristics of the study group: 
The mean (SD) age of study group was 18.88 (6.6) 
months and the age range was between (6-36) months. In the 
control group the age range was (6-48) and the mean (SD) was 
21.0 (12.7) months. There was no statistically significant 
difference between the study and control groups. (Table 1). 
    Almost comparable number of cases lied in the age group 6 
≤18 months and 18 ≤ 32 months. These were 22 (44%) and 25 
(50%) respectively. (Table 2).  
 49
 
3.1.2   Sex characteristics: 
Regarding the sex characteristics of the study group, 
there was slight female prepondrence in both the cases and 
controls. Females constituted 52% of cases while in the control 
group it constituted 53.3%. (Table3).  
3.1.3   Description of the study cases in Sudan: 
The bulk of the cases were from the Western states of 
Sudan. These represented 29(58%) of the study group 
compared to 46.6% of the control group. Sudanese children 
from Central origin represented 22% of cases and 13.3 % of 
controls. Representations from Northern, Southern and 
Eastern States were ranging from (4-10 %) and (0-20 %) in the 
cases and controls respectively. (Table 3). 
3.1.4 Distribution of income: 
       The majority of cases had an income in the range of 
10000-30000 SD while in the control group the income was in 
the range of 30000-50000 in 66.7 %. This is shown in (Fig 1).  
But still there was no significant statistical  difference between 
cases and controls. 
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3.2   Description of Some Family Characteristics: 
3.2.1 Mother's age and BMI: 
Mothers of the study cases were younger than those of 
the control group. The age ranges were (16-37) in cases and 
(20-42) years in controls. The mean age of the two groups was 
comparable with no statistically significant difference. (Table 
1).  Similarly, the BMI of mothers in the case group was 
comparable to the control, despite lower values in the mothers 
of the study or case group. (Table1). 
3.2.2 Parity and number of sibs: 
The families of the cases in the study group consisted of 
a minimum of 1 child to a maximum of 9 children. While in 
the control group the range was 1-7. The cases under study 
had a maximum of 8 sibs and the controls had a maximum of 
6 sibs. (Table1). 
3.2.3 Father's age: 
The fathers mean age was comparable to that of the 
control group with no significant statistical difference. (Table 
1). 
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3.2.4 Description of mother's education:  
The mothers of cases had very low educational levels 
compared to mothers in the control group, with statistically 
significant difference between the two groups. The mothers of 
the cases were either illiterate (58%) or had primary schooling 
(42%). In the control group (60%) had secondary school level. 
(Table 3).  
3.2.5 Father's occupation:  
A significant number of the study group (14%) had no 
job. The majority of fathers in either the study or the controls 
group were employees, 34 % and 40 % respectively. These 
values were found to show no statistical difference between the 
two groups. (Table 3). 
3.3   Pattern of Breast Feeding and Nutrition: 
3.3.1 The breast feeding:  
The mean (SD) age of breast feeding was 14.30(4.7) in 
cases and 14.80 (5.6) in controls with no statistically 
significant difference between the two groups. (Table 1). There 
were 72% who were weaned versus 28% non weaned in the 
cases, while 53.4% of control group were still on breast 
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feeding. (Table 4) The weaning was sudden on the majority of 
cases 86.1% and it was mostly due to mother pregnancy in 
61.1% of these. (Table 5). 
3.3.2 Supplementary feeds (nutrition) distribution in the 
study group: 
Regarding nutrition, most families in the case group 
delayed the use of protein rich feeds and so only 2% had a 
protein rich food. On the other hand they emphasized the use 
of carbohydrate rich feed which was present in 36% and only 
6% ate fatty rich feeds. (Table 4). 
As a result 68% of cases had poor diet and 32% had partially 
adequate diet. In the families of controls, 46.6 % fed their 
children a protein rich diet and feeding was fully adequate in       
53.3%.  (Table 4).  
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Table 1:  Some characteristics in cases and controls 
    
 
 
 
Variables 
 
 
 
Case(n=50)    
Mean(SD) 
 
Control (n=15) 
Mean (SD) 
 
P Value 
Age (months) 18.88  (6.6)     
( 9 – 36 ) 
 
21.00  (12.7 )       
(6 – 48) 
0.9 
Mother Age 26.20  (4.9)     
(16 – 37) 
 
30.27  (6.4) 
(20 – 42) 
0.8 
BMI 18.27  (3.2)     
(11.50 -24.90) 
 
23.01  (3.14)       
(18 - 28) 
0.75 
Parity 3  (2)   (1 – 9) 
 
3 (1)    (1 – 7) 0.9 
Father Age 39.92  (9)      
(20 – 65) 
 
40.27 (6.6) 
(27 – 48) 
0.85 
No of sibs 3  (2)    (0 – 8) 
 
2   (1)   (0 – 6) 
 
0.95 
Duration of breast 
feeding (months) 
14.30  (4.7)     
(5 – 24) 
 
14.80  (5.6) 
(6 – 22) 
0.9 
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Table 2: Age range distribution in cases and controls 
 
 
 
 
Age range (months) 
 
 
 
No. of cases ( % )    
 
No. of controls ( % ) 
6 - < 18 22 (44%) 6 (40%) 
 
18 - < 32 25 (50%) 7 (46.7%) 
 
32 - < 46 3 (6%) 1 (6.65%) 
 
≥ 46 ــــــ 1 (6.65%) 
 
Total  50 (100%) 
 
15 (100%) 
 
Not statistically significant P > 0.05 
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Table 3: Socio demographic characteristics in cases and 
controls 
 
  
 
 
Case     
(n=50) 
Control     
(n=15) 
Sex Male 24 (48%) 7 (46.6%) 
 Female 
 
26 (52%) 8 (53.3%) 
    
Region North 3 (6%) 3 (20%) 
 South 5 (10%) -- 
 East 2 (4%) 3 (20%) 
 West 29 (58%) 7 (46.6%) 
 Central 
 
11 (22%) 2 (13.3%) 
    
Mother 
Education * 
Illiterate 29 (58%) 2 (13.3%) 
 Quaraan or primary 
school 
21 (42%) 3 (20%) 
 Secondary school 
level 
-- 9 (60%) 
 University and 
postgraduate 
 
-- 1 (6.6%) 
    
Father 
Occupation 
Employee 
 
17 (34%) 6 (40%) 
 Skilled labourer 11 (22%) 7 (46.6%) 
 Non skilled labourer 15 (30%) 2 (13.3%) 
 No job 
 
7 (14%) -- 
* Statistically significant P< 0.05 
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Table 4: Feeding patterns among cases and controls  
  
 
 
 
 
Case  
(n=50) 
Control  
(n=15) 
Weaning Weaned 36 (72%) 7 (46.6%) 
 Not weaned 14 (28%) 8 (53.4%) 
    
    
Food Protein rich food 1 (2%) 7 (46.6%) 
 CHO rich food 18 (36%) 15 (100%) 
 Fat rich food 3 (6%) 12 (80%) 
    
Adequacy of nutrition Full -- 8 (53.3%) 
 Partial 16 (32%) 7 (46.6) 
 Poor 34(68%) -- 
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Table 5: Weaning practices among cases and controls  
  
 
 
 
 
Case  
(n = 36) 
Control  
(n = 7) 
    
Weaning Sudden 31 (86.1%) 2 (28.5%) 
 Gradual 5 (13.8%) 5 (71.4%) 
    
Cause of weaning Mother pregnancy 22 (61.1% 4 (57.1%) 
 Mother illness 2 (5.5%) -- 
 No enough milk 2 (5.5%) 1 (14.3%) 
 Baby refused 3 (8.3%) -- 
 Others 7 (19.4%) 2 (28.5%) 
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Fig. (1) Distribution of income among cases and controls 
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3.4 The Presenting Symptoms of the Study Group: 
The commonest presenting symptoms in the cases were 
diarrhoea (88%) and vomiting (78%).  Apathy was encountered 
in 26 (52%) cases and irritability was encountered in 24 (48%) 
cases. Anorexia, on the other hand was a frequent symptom 
represented in 96% of cases compared to 43% of control 
group. (Table 6).   
3.5 Clinical Examination Characteristics in the 
Study Group: 
3.5.1  Anthropometric measurement characteristics: 
The height, weight, head circumference and midarm 
circumference were all significantly lower in cases than in 
controls. The means, standard deviations and p values were 
shown in (Table 7). There was significant improvement in 
weight after the 2 weeks of balanced diet. 
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3.5.2  Clinical signs of malnutrition in the cases: 
The most frequently encountered signs were pallor, hair 
depigmentation and sparsity. These were represented in 
49(98%), 45(90%), 47(94%) respectively. (Table 6). 
Other skin and hair signs, skin pigmentation, ulceration, 
infection bleeding and flag sign were less prominent. 
Percentages are shown in Table 6. Abdominal distension was 
observed in 34(68%) cases and hepatomegaly was found in 
32(64%) cases compared to 4 (26.7%) of the control group. 
Lower limb oedema was detected in 29(58%) of the cases. Only 
2(4%) cases had splenomegaly and eye signs (vitamin A 
deficiency) were observed only in 3 (6%) patients. (Table 7). 
3.6 Classification of the Study Group: 
    Out of the total number of the studied cases 21 (42%) were 
marasmic 19 (38%) had kwashiorkor and 10 (20%) had 
marasmic kwashiorkor. (Table 8)  
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 Table 6:  Clinical presentations in cases and 
controls  
 
Clinical picture Case (n=50) Control (n=15) 
Diarrhea 44 (88%) 0 
Vomiting 39 (78%) 0 
Apathy 26 (52%) 0 
Irritability 24 (48%) 0 
Anorexia 48 (96%) 6 (43%) 
Pallor 49 (98%) 0 
Skin pigmentations 13 (46%) 0 
Skin ulceration 10 (20%) 0 
Skin desquamation 14 (28%) 0 
Skin infection 8 (16%) 0 
Skin bleeding 2 (4%) 0 
Hair pigmentations 45 (90%) 0 
Flag sign 21 (42%) 0 
Sparse 47 (94%) 0 
Eye sign 3 (6%) 0 
Abdominal distension 34 (68%) 0 
Hepatmegaly 32 (64%) 4 (26.7%) 
Splenomegaly 2 (4%) 0 
L.L. edema 29 (58%) 0 
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Table 7:  Anthropometric measurements in cases 
and controls 
 
 
  
Variables 
 
 
Case mean (SD) 
range 
 
 
Control mean (SD) 
Range 
 
P 
value 
Height cm 74.08 (8.21)        
(61 – 99) 
 
84.93 (12.99)         
(68 – 110.5) 
0.00 
Weight kg (before)  6.50  (1.25)         
(4 – 9.2) 
 
10.68  (2.42)         
(8 – 15.5) 
0.00 
Weight kg (after) 7.61 (1.24)         
(5.5 - 11) 
 
-- -- 
Head circumference 
cm  
44.67 (1.82)        
(37 – 47) 
 
46.22 (1.29)          
(43.5 – 48) 
0.03 
Mid arm 
circumference cm  
10.15 (1.6)         
(6 – 14) 
 
13.38 ( 0.47)         
(12.5 – 14) 
0.00 
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Table 8: Distribution of cases according to class of 
PEM 
 
Class 
 
M K MK Total 
Number (%) 
 
21 (42%) 19 (38%) 10 (20%) 50 (100%) 
 
 
M    =   Marasmus 
K     =   Kwashiorkor 
MK =   Marasmic Kwashiorkor 
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3.7 The Biochemical Data and Pancreatic Enzymes 
of the Study and Control Group Before 
Nutrition: 
      The values of biochemical data of cases before nutrition 
and control values were shown revealing means, standard 
deviations and p values in (Table 9). 
       Serum albumin mean value before nutrition was low 
when compared to the control values. This was shown to be a 
statistically significant difference (p = 0.00). Serum globulin 
value on the other hand was slightly lower than control, but 
statistically the values were not different from control (p = 
0.27). Fig 2. 
Haemoglobin level in the cases was again lower than control 
value and this was proved statistically (p = 0.00). Table 9. 
Regarding the exocrine pancreatic enzymes, both serum 
amylase and lipase values, before nutrition were lower than 
control values   with   statistically   significant   difference          
(p = 0.00 ). Fig 3. 
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3.8 Biochemical and Pancreatic Enzymes after 
Nutritional Rehabilitation: 
        After introduction of nutrition, serum albumin, globulin 
and haemoglobin levels increased. These were statistically 
different from the values before nutrition. In other words, the 
improvement after nutrition was significant and was proved 
statistically (p = 0.00). (Table 10). 
The results of serum amylase and lipase levels, also improved 
after nutritional rehabilitation. (Fig 3).  
The pancreatic enzymes values after nutritional rehabilitation 
were lower than control values but they were comparable 
statistically. (Fig 3).  
Haemoglobin mean level after nutrition did not reach the 
control value. (Table 10).  
The story was not the same for serum globulin; its level 
was not different from control value neither before nor after 
dietary feeding. The value was even more after nutrition when 
compared to the control value. (Fig 2). 
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Table 9:  Biochemical values in cases and controls 
 
 Case 
Mean (SD) 
Control 
Mean (SD) 
P Value 
Serum 
albumin(mg/dl) 
 
3.2156  (0.91) 
 
4.89  (0.28) 0.00 
Serum 
globulin(mg/dl) 
 
2.58 (0.53) 
 
2.76  (0.54) 0.27 
Hb (g/dl) 8.88 (1.8) 
 
14.26 (1.14) 0.00 
Serum 
amylase(U/L) 
 
19.73 (11.85) 
 
43.73  (18.98) 0.00 
Serum 
lipase(U/L) 
24.87  (11.4) 
 
35.43  (15.6) 0.00 
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Table 10:  Biochemical values before and after nutritional 
treatment. 
 
 Before nutrition 
Mean(SD) 
After nutrition 
Mean(SD) 
 
P Value 
Serum 
albumin(mg/dl) 
 
 
3.2156  (0.91) 
 
3.79  (0.77) 0.00 
Serum 
globulin(mg/dl) 
 
 
2.58 (0.53) 
 
2.93  (0.43) 0.00 
Hb (g/dl) 
 
8.88 (1.8) 
 
10.63  (1.16) 0.00 
Serum 
amylase(U/L) 
 
 
19.73 (11.85) 
 
35.84 (16.04) 0.00 
Serum 
lipase(U/L) 
 
24.87  (11.4) 
 
34.9  (16.69) 0.00 
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Fig. (2) : Mean values of serum albumin and globulin before and after nutrition and 
control.
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Fig. (3) : Mean values of serum amylase and lipase before and after nutrition and 
control.
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3.9 Biochemical Data and Pancreatic Enzymes in 
the Different Classes of Malnutrition: 
Marasmic kwashiorkor showed the worst biochemical 
indices of serum albumin. The mean values in kwashiorkor 
were worse than those of marasmus. The values were 
statistically different (p = 0.00) in the three groups. Serum 
globulin was not different in the three classes (p = 0.9). (Table 
11). 
Regarding the pancreatic enzymes before diet, serum 
amylase and lipase were lowest in marasmic kwashiorkor, 
followed by Kwashiorkor, then marasmus.  (Fig 4).  
The p values were 0.03 for serum amylase and 0.02 for serum 
lipase. Table11. The values of serum albumin after nutritional 
rehabilitation improved in the three classes of Malnutrition. 
(Table 12).  
And when correlated to control values, they were still 
different (p=0.07). This means that the values improved after 
nutrition but did not reach the control values. (Fig 5). 
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Serum amylase and lipase showed similar improvement, but 
the values almost approached control values. (Table12). 
After introducing the balanced diet, improvement in serum 
amylase and lipase was the least in Kwashiorkor cases. The 
values were much lagging behind those of marasmus and 
marasmic kwashiorkor. (Fig 5).  
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Table 11: Biochemical values among subgroups of 
protein energy malnutrition before 
nutritional treatment. 
 
     
Marasmus 
(n=21) 
Mean(SD) 
 
Kwashiorkor 
(n=19) 
Mean(SD) 
Marasmic  
Kwashiorkor 
( n=10) 
Mean(SD) 
 
P 
value 
Serum albumin 
(before)(mg/dl) 
 
3.57  (0.94) 3.02 (0.77) 
 
2.21  (0.56)  0.00 
Serum globulin 
(before)(mg/dl) 
 
2.56  (0.48)  2.57 (0.56) 
 
2.65  (0.65)  0.9 
Serum amylase 
(before)(U/L) 
 
23.48 (11.65) 16.35  (11.91) 
 
13.11  (8.30) 0.03 
Serum lipase 
(before)(U/L) 
 
28.86  (14.66)  20.48  (5.99) 
 
20.21  (5.71) 0.02 
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Fig. (4) : Biochemical values among subgroups of protein energy malnutrition before 
nutrition.
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Table 12: Biochemical values among subgroups of 
protein energy malnutrition after 
nutritional treatment 
 
   
Marasmus 
(n=21 
Mean(SD) 
  
Kwashiorkor 
(n=19) 
Mean(SD) 
Marasmic 
Kwashiorkor 
(n=10) 
Mean(SD) 
 
P 
value 
Serum albumin 
(after)(mg/dl) 
3.96  (0.82) 3.83 (0.67)  3.21  (0.61) 
 
0.07 
Serum globulin 
(after)(mg/dl) 
2.99  (0.48) 2.81 (0.38) 3.05  (0.35) 
 
0.3 
Serum amylase 
(after)(U/L) 
38.40(17.33) 31.68 (12.84) 38.28 (19.15)  
 
0.4 
Serum lipase 
(after)(U/L) 
41.4  (20.99)  28.07  (8.78) 31.9  (8.72)  
 
0.03 
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Fig. (5) : Biochemical values  among subgroups of protein energy malnutrition after 
nutrition.
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3.10   Paired Correlations: 
Before nutrition there was statistically significant 
correlation between serum albumin and serum amylase 
(r=0.47). Serum albumin was also directly proportional to 
serum lipase level (r=0.33). As albumin increase in value both 
amylase and lipase increase. (Fig 6). This also means that the 
lower the value, the lower were serum amylase and lipase 
levels.  
Thus serum albumin was a good indicator of serum 
amylase and lipase on presentation. 
After nutrition, improvement in serum albumin was 
significantly correlated to the improvement in serum lipase 
(r=0.41) but not amylase. (Fig 7). There was concomitant 
increase of serum lipase accompanying the increase in 
albumin. On the other hand serum globulin after diet was 
neither correlated to serum amylase nor to serum lipase but 
was directly proportional to serum albumin.   (Fig  8). 
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Fig. (6) Correlation between serum albumin and serum amylase and lipase levels 
before nutrition
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Fig. (7 ): Correlation between serum albumin and serum lipase level after 
nutrition.  
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Fig. (8) Correlation between serum albumin and serum globulin level after 
nutrition.
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3.11 Distribution of the Study Group According to  
Outcome: 
Out of the total number of the study group 34 (68%) 
cases improved and 11 (22%) did not improve while death was 
recorded in 5 (1%) of cases. (Table 13). 
3.12 Correlation of Exocrine Pancreatic Function 
to Survival: 
The exocrine pancreatic enzymes level was lower in cases 
that died, but there was no significant statistical difference 
between the values of serum amylase and lipase in survivors 
and non survivors. (Table 13) 
3.13 Correlation of Exocrine Pancreatic Function 
to Frequency of Diarrhoea: 
 In the study group 20 (40%) of cases had frequent 
diarrhoea (more than 5 times per day). Frequency of diarrhoea 
was directly correlated to the level of serum albumin, serum 
amylase and lipase before nutrition, p = 0.009, 0.01 and 
0.003respectively .The more frequent was the diarrhoea, the 
lesser were the values. (Table 14).  
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3.14 Correlation of Exocrine Pancreatic Enzymes Level to 
L.L Oedema:  
Oedematous patients had lower exocrine pancreatic 
indices than non oedematous patients with a significant 
statistical difference p=0.01. (Table15). 
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Table 13: Biochemical values before nutrition in relation 
to child outcome 
 
 
 
 
Improved 
(n=34) 
mean(sd) 
Not improved 
(n=11) 
mean(sd) 
 
 
Died 
(n=5) 
mean(sd) 
P 
Value 
Serum albumin 
(before)(mg/dl) 
 
3.24 (0.89) 3.11  (0.99) 
 
2  (0.56) 0.02 
Serum globulin 
(before)(mg/dl) 
 
2.58  (0.51) 2.57  (0.63) 
 
2.64 (0.66) 0.9 
Serum amylase 
(before)(U/L) 
 
19.52 (11.26) 20.4  (14.1) 
 
9.38 (5.61) 0.17 
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Table 14: Biochemical values before nutrition in 
relation to frequency of diarrhoea per 
day. 
 
Frequency of 
diarrhoea per 
day 
1 - 3 
times/day(n=5) 
mean(sd) 
3 – 5      
(n=19) 
mean(sd) 
 
 
> 5  
(n=20) 
mean(sd) 
P 
value 
Serum albumin 
(before)(mg/dl) 
3.3  (1.2) 3.48  (0.84) 
 
2.61  (0.75) 0.009 
Serum globulin 
(before)(mg/dl) 
2.54  (0.54) 2.55  (0.51) 
 
2.63  (0.64) 0.897 
Serum amylase 
(before)(U/L) 
31.08  (17.34) 20.52  (8.69) 
 
14.45 
(10.67) 
0.01 
Serum lipase 
(before)(U/L) 
38.28  (26.46) 22.58  (5.02) 
 
20.25  
(6.53) 
0.003 
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Table 15: Biochemical values before nutritional 
rehabilitation in relation to presence of 
lower limb oedema among cases. 
 
 L.L oedema 
(n=29) 
mean(sd) 
No L.L oedema 
(n=21) 
mean(sd) 
 
 
P 
value 
Serum albumin 
(before)(mg/dl) 
2.74  (0.8) 3.57  (0.94) 
 
0.002 
Serum globulin 
(before(mg/dl)) 
2.6  (0.58) 2.56  (0.48) 
 
0.83 
Serum amylase 
(before)(U/L) 
15.23 (10.76) 23.48 (11.65) 
 
0.01 
Serum lipase 
(before)(U/L) 
20.38  (5.79) 28.86 (14.66) 
 
0.01 
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3.15   Stool Fat in the Study Group: 
 Fat was detected in all cases (100%) before dietry 
management. Only 14 (28%) of the cases had non significant 
fat in stool after nutrition. Statistically, this was considered as 
being significant improvement. (Table16). 
3.16  Correlation of Stool Fat to Exocrine 
Pancreatic Enzymes:  
Improvement in stool fat was not significantly correlated 
to improvement in serum amylase and lipase. Improvement of 
stool fat after nutrition was not a predictor of serum amylase 
and lipase improvement. (Table 17).  
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Table 16:  Stool  fat  before and after nutrition 
among cases 
(P =0.00) (Mcnemar Test) 
 
 Stool for fat droplets (after) (n=45) 
 Significant no.(%) 
Not significant 
no.(%) 
Stool for fat 
droplets (before)  
 
45 (100%) 
 
0 (0%) 
Stool for fat 
droplets (after)  
 
31 (68.9%) 
 
14 (31.1%) 
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Table 17: Biochemical values after nutritional 
treatment in relation to fat droplets 
after nutrition among cases. 
 
 Stool for fat droplets (after) 
 
 
Significant 
(n=31) 
mean(sd) 
 
Not significant 
(n=14) 
mean(sd) 
P value 
Serum albumin 
(after)(mg/dl) 
 
3.63  (0.70) 
 
4.15  (0.81) 
 
0.03 
Serum globulin 
(after)(mg/dl) 
2.93  (0.47) 2.92  (0.34) 0.9 
Serum amylase 
(after)(U/L) 
 
35.02  (16.1) 
 
37.67 (16.2) 0.6 
Serum lipase 
(after)(U/L) 
 
32.70  (15.16) 
 
39.77 (19.38) 0.1 
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Chapter Four 
4. DISCUSSION 
       In the children included in this study, malnutrition 
manifested itself mostly below the age of 24 month. This was 
not different from a number of studies on the same scope 136. 
At this age, there is rapid growth with increased energy 
requirements. And hence they can develop the wasting and 
symptoms of PEM more easily and even in a short duration of 
time. Another important fact is that, infants and young 
children are more subjected to inadequate feeding practices 
and deficient diet in this age than older one. An important 
point is the great susceptibility to infection2, 6, 10, 18 at this age. 
Females showed a slight predominance. Some studies 
revealed no sex difference, while, in others males were 
dominating 40,136. South Africa is the only region with higher 
under weight levels among girls than among boys3. In most 
other regions, boys are at a slight disadvantage with respect to 
under weight prevalence by gender. But generally in 
developing countries the ratio is 1:13. 
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       Sudanese children coming from the Western States of 
Sudan were dominant in the study cases and even controls. 
This could be due to the war and drought at these areas 
leading to displacement of families and children from their 
homes. They lived in very poor situation with poor finance, 
health and nutrition. As a consequence, they presented 
frequently to government facilities. 
The mean duration of breast feeding was not different between 
cases and controls. This could point to that breast feeding was 
the only food available because the mean duration of 14 
months was remarkable. This is comparable to some results 
39. In some studies breast feeding duration was remarkably for 
shorter periods137. 
        Twenty eight percent of the cases were still breast fed at 
the time of the study, and of those who were weaned 86.1%   
of the cases, were suddenly weaned. The same findings were 
observed in other studies 39,137. Pregnancy was still a leading 
cause for sudden weaning which was reported in almost all 
past results 39, 40, 41,137. 
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        The major contributors to PEM were the high illiteracy 
rate among mothers of cases, position of child within the 
family and the poor diet, which was in consistency with a good 
number of researches 9, 10, 30. Mothers and fathers ages, were 
not significant risk factors in the study group. 
       Regarding nutrition in the study group, there were many 
gaps that need to be addressed. Mothers either fed their 
babies late or gave inadequate feeds.  They tend to concentrate 
on starchy staples such as potatoes, rice and maize. Mothers 
disliked early introduction of eggs and meat. As a result, their 
children received protein deficient diet with increased 
carbohydrate content. The numbers of meals per day were few 
and the amount per meal was small. Conclusively their diet 
was either poorly or partially adequate. The introduction of 
starchy feed seemed to be a cultural belief and was reported 
early by Elamin 31. It was also found in tropical and 
subtropical regions records 51. In Uganda similar results were 
obtained 9.  
        The mean family income did not differ between cases and 
controls. This meant that it was a matter of how to recruit 
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money in a suitable way. Diarrhoea and vomiting were the 
main presenting symptoms. This comes in agreement with 
most   preceding works 39, 40, 41. Hair changes occurred in a 
remarkable percentage. This may be attributable to the fact 
that it is found in both Marasmus and Kwashiorkor. Synthesis 
of pigments in hair and skin fails because of lack of substrate9  
(e.g tyrosin) and coezymes. Skin changes were present in a 
smaller percent because it mainly occurred in cases with 
kwashiorkor51.  
All anthropometric measurements including the height, 
weight, MUAC and head circumference were significantly lower 
than the control subject. These results are consistent with 
those obtained by Gomez.et.al 11. It is also similar to Egyptian 
records 124 and to those reported by Mahgoub 41. Faisal, in 
contrast, reported no difference in height between cases and 
controls40.  
Signs of vitamin A deficiency were present in only three 
patients reflecting the efforts of giving vitamin A 
supplemetation. The presence of hepatomegaly, was most 
probably due to fatty changes of the liver 10,52.  
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More than two third of the study patients had pallor on 
presentation. Pallor seems to be an increasing presenting sign 
in comparison to past results 40,41,136. Though splenomegaly 
was not a sign of malnutrition, its presence in two patients 
could be attributed to malaria. 
Abdominal distension recorded in 68 % of the study 
group, had several causes. It may be due to electrolyte 
disturbance such as hypokalemia or gastrointestinal problems 
leading to gaseous collection or due to hepatomegaly if present 
10, or from muscular hypotonia occuring in maramus 17. 
The distribution of the different classes of PEM revealed a 
good percentage of Kwashiorkor and Marasmic Kwashiorkor. 
This is consistent with the obervations of Coulter.et.al that 
Kwashiorkor incidence increases in the wet and post wet 
seasons 30. 
With regard to the biochemical indices, serum albumin 
was significantly low. The mean level in the study group was 
far below that of the control group. Hypoalbuminaemia was a 
recorded finding in protein energy malnutition 10,17,39.  Serum 
globulin on the other hand was also low but not as low as 
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serum albumin when compared to control group. In Sudanese 
children hypoalbuminaemia was recorded by Adil 39. But, in 
another study there was neither affection of total protein nor 
serum albumin level 40. 
More specifically, serum albumin was lowest in cases of 
maramsic kwashiorkor, followed by kwashiorkor and then 
maramus. Hypoalbuminaemia is a major feature of 
maramus17. In Kwashiorkor it is not the major cause of 
oedema10.  
Concerning haemoglobin the mean value of cases 
represented moderate degree of anaemia according to Ateig 137. 
The decreased levels of serum amylase and lipase in the 
study group confirmed parcreatic exocrine dysfuction which 
has been frequently recorded in PEM using other methods and 
was proved by autopsy findings 89, 90,91 and animal studies 92-96. 
Parcreatic exocrine dysfuction most probably occurred in PEM 
because the pancreas requires optimal nutrition for enzyme 
synthesis. This reflected the pattern of events that occurred 
inPEM. Most probably the few building bricks or protein 
(namely albumin) lead to the decreased synthesis 59. 
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  Though levels of serum amylase and lipase in duodenal 
aspiration are a better measure of pancreatic exocrine function 
(PEF), yet serum amylase and lipase also gave a good measure 
of that function in the study group. Serum amylase levels were 
found to be more below control levels than serum lipase. This 
is similar to results obtained in Egyptian children124. Many 
authors found that lipase level was far below that of amylase 
99,101,102,103 Descos found that maximal bicarbonate 
concentration and lipase activity were the parameters most 
clearly affected by malnutrition116. The finding of the marked 
effect on amylase may reflect a relation between the type of 
diet and the expression of the amylase gene in the pancreas. 
The rich carbohydrate diet may have exhausted the pancreas 
and the low protein depleted the enzyme output and may be it 
was the relative proportion of the two which determined the 
degree of affection 99.  
        In the study group, the effect of PEM on the exocrine 
pancreas was worst in marasmic kwashiorkor followed by 
kwashiorkor then maramus. In Egypt no significant difference 
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was recorded between the different subgroups of 
malnutrition124.  
Overall the dysfuction pointed towards acinar cell 
damage or ductal obstruction. The increased IRT which was 
used as a measure of PEF in Australian Aboriginal children 
was the basis of this assumption 117. Results in Ivory Coast 
revealing low indices of the pancreatic enzymes in the 
duodenal aspirate, were also comparable to these results 102. 
After nutritional rehabilitation for two weeks, there was a 
remarkable improvement in PEF as shown by an increase of 
serum amylase and lipase. These were in agreement with   
results obtained in Egypt 124. Using duodenal aspirate as a 
measure of PEF also showed marked improvement after 
nutritional rehabilitation in patients from Ivory Coast having 
kwashiorkor 102 and in results obtained by Descos 116. 
        On the other hand in South Africa, Capetown, there was 
a complete and early restoration of pancreatic function after 
the initiation of dietary therapy in kwashiorkor and 
marasmus. The enzyme out put was positively correlated to 
serum albumin 99. As albumin decreased, pancreatic enzyme 
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level decreased in our cases. The level of serum albumin thus 
determined the degree of pancreatic insufficiency. With 
nutritional improvement the improvement in serum albumin 
was proportional to the improvement in serum lipase but not 
in serum amylase and this may be because amylase was far 
more affected than lipase. 
        All the results were contradictory to those shown in 
Abidijan and Dakar where the indices were very low and were 
not improved by nutritional rehabitation 123. 
       In the study group, the improvement of kwashiorkor was 
lagging behind the other two subtypes. 
       In PEM there is increased lipid content of stool and that is 
why the children under study had fat in stool. There was 
evidence to incriminate exocrine parcreatic dysfuction, but 
there might also be affection of mucosal integrity 71, presence 
of enteropathogens 69 and bile salt impairment 63, 70. 
      Moreover, diarrhoea deteriorated the the condition by 
further destruction of mucosa and flourishing of bacteria 63, 64. 
This added to  malabsorption due to the causes mentioned 
above 61. 
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In the study group diarrhoea was a major symptom there 
was much decline in PEF with more frequent diarrhoea. This 
assisted the early suggestion by Davis JNP 84 and the 
assumption raised by Fedail and Karrar 119 that pancreatic 
exocrine dysfunction contributed to diarrhoea in PEM. 
After nutritional rehabilitation the fat was cleared from 
stool in only some of the patients. This again brought to light 
that leakage of fat in stool had numerous aetiological factors. 
The improvement in stool fat was associated with a 
concomitant improvement in serum lipase but not necessarily 
amylase. This could mean that the improvement in pancreatic 
function played a role in the improvement in stool fat but this 
was only partial. 
       The level of pancreatic enzymes reached near normal 
values in some and was far from normal in others. The two 
week rehabilitation time was not enough for complete 
restoration. It was reported that functional restoration can 
occur as early as   3-4 days while complete functional and 
structural improvement need at least 30 days 99. 
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     The dramatic improvement in PEF pointed towards a 
green light for complete restoration without a risk of chronic 
pancreatic disorder. Such assumption is very difficult because 
the interpretation require exact knowledge of nutritional 
status. This is similar to Descos thoughts that chronic 
pancreatites seems not to be an end sequel of PEM, at least in 
western countries 116. Other studies concluded that pancreatic 
exocrine dysfunction may reflect the start of a pancreatic 
disorder 119. 
      In non survivors there was very low amylase compared to 
the low lipase.Both indices were even lower when compared to 
survivors.PEF could hence be a predictor of death.The small 
number of deaths could not establish the relationship which 
was reported before 117. The cases that died had remarkably 
low serum albumin. As albumin decrease PEF decrease, so 
non survivors should have very low PEF. 
     Oedematous group of cases had lower levels of pancreatic 
enzymes than non oedematous ones. This was similarly 
recorded by El Hodhod124. 
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    Pancreatic exocrine dysfunction is a noticeable finding in 
Sudanese children with protein energy malnutrition and it 
improved remarkably after nutritional rehabilitation.   
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Conclusion 
• Long term nutritional deprivation ultimately culminate 
in ill health and death. 
• Mortality and morbidity attributable to PEM now strikes 
heaviest in Sudanese children. 
• The leading risk factors include, mother illiteracy and 
poor nutrition. 
• Family income and duration of breast feeding were not 
major risk factors for PEM. 
• Breast feeding, weaning and supplementary feeding 
practices were poor.  Most mothers were not counseled 
about the specific types of food needed by the child in 
his early life especially the first two years. 
• Weaning babies was mostly sudden and starchy rich 
staples were dominating the supplementary feeds. 
• Western States presented the highest incidence. 
• Diarrhoea was the major presenting symptoms, while 
pallor, hair changes and lower limb oedema were 
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dominating signs.  Vitamin A deficiency was 
encountered only in a small percentage. 
• Marasmus represented 42% of the study group while 
kwashiorkor and marasmus kwashiorkor represented 
38% and 20% respectively. 
• Hypoalbuminaemia was more pronounced in 
kwashiorkor than in marasumus and it improved a bit 
after introducing the well balanced diet. 
• Percentage of anaemic children was higher, compared to 
previous studies. 
• Excocrine pancreatic function was markedly affected in 
PEM.  This was translated by the low serum amylase 
and lipase and augmented by the presence of fat in 
stool.  Serum amylase was further lower in Sudanese 
children. 
• Hypoalbuminaemia was directly related to the degree of 
pancreatic exocrine dysfunction. 
• The pancreatic affection was much remarkable in 
marasmic kwashiorkor and kwashiorkor and it improved 
after nutritional rehabilitation.  The improvement was 
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the least in kwashiorkor.  Stool fat was recovered from a 
noticeable percentage. 
• PEF was assumed to be a predictor of death and it was 
strongly related to oedema and diarrhoea in PEM. 
• Exocrine dysfunction is marked in Sudanese children 
with PEM. 
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Recommendations 
The following are recommended  
1. Estimation of pancreatic exocrine function as part of the 
workup of PEM since it can be a prognostic parameter or 
a predictor of death.  
2. Further workup in patients with fatty stool to pick up 
other possible causes.  
3. Initiation of more studies to further elucidate the 
ultimate effect of PEM on the secretary pancreatic 
function with special emphasis on cases with chronic 
PEM. 
4. Provision of effective nutritional intervention and growth 
monitoring programs for  early detection and prevention 
of malnutrition. 
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University of Khartoum  
The Graduate College 
Medical and Health Studies Board 
Serum amylase, lipase and stool fat as a measure of 
Exocrine Pancreatic Function in Sudanese Children with 
Protein Energy Malnutrition  
Questionnaire 
    Serial No:………..                   File No: …………..                         
(A) Socio-demographic data:-  
Patient :-  
1-  Name……………………………………. 
2-  Address …………………………………. 
3-  Telephone ………………………………. 
4-  Sex: (1) Male                 (2)female  
5-  Age (months): 
6-  Origin :    (1) North          (2) South          (3) East  
                   (4) West           (5) Central 
Mother :-  
7-  Name …………………………………………… 
8-  Age (yrs) 
9-  Education :  (1) Literate        (2) Quaraan or primary school  
                        (3) Secondary school level  
                        (4) University and postgraduate  
10- BMI (body mass index) 
11- Parity  
Father :-  
12- Age(yrs)  
13- Occupation : (1) Employee                (2) Skilled laborer 
                            (3) Non skilled laborer  (4) Professional  
                            (5) No job 
14- Monthly income :    (1) <10000 SD    (2) 10000 – 30000 SD 
                                     (3) 30000 – 50000SD     (4) >50000SD 
15- No of sibs  
16- Birth order  
(B)  Nutrition : 
          17- Duration of breast feeding (months)  
          18- Weaning :   (1) Sudden                         (2) gradual  
          19- Cause of weaning :  
                             (1) Mother pregnancy       (2) Mother illness  
 130
(3) No enough milk    (4) Baby refused        (5) Others 
Type of food  
          20- Protein rich :  (1) Yes                  (2) No 
          21- CHO rich :  (1) Yes                    (2) No 
          22- Fat rich :        (1) Yes                   (2) No  
          23- Adequacy of nutrition : (1) Full  (2) Partial     (3) Poor  
(C) Clinical  examination :  
Symptoms :  
          24- Diarrhoea :                         (1) Yes                  (2) No 
25- Frequency of Diarrhoea :   (1)1 – 3 time\day   (2) 3 – 5     
(3) >5 
          26- Vomiting :                          (1) Yes                  (2) No 
          27- Apathy :                             (1) Yes                  (2) No 
         28- Irritability :                         (1) Yes                    (2) No 
         29-Anorexia:                            (1) yes                     (2) No 
          
 Sings:- 
        30- Pallor                                 (1) yes               (2) No        
 
 
 Anthropometry: 
         31- Height 
            32-Weight 
         33-Weight (after) 
         34-Head circumference 
         35-Mid arm circumference 
         36-Body mass index 
         37-Diagnosis:   (1) Marasmus               (2) kwashiorkor 
                                 (3)  marasmic kwashiorkor    (4) control  
         38-Skin pigmentation           (1) hypo        (2) hyper   
         39-Skin ulceration                 (1) yes           (2) No 
         40-Skin desqauamation         (1) yes           (2) No 
         42-Skin infection                   (1) yes           (2) No 
         43-Skin bleeding                    (1) yes           (2) No 
         44-Hair depimentation           (1) yes           (2) No 
         45-Flag sign                           (1) yes           (2) No 
         46-Sparse                              (1) yes            (2) No 
         47-Eye sign (vit.A deff.)          (1) yes            (2) No  
         48- Abd. Distension             (1) yes              (2) No 
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         49-Hepatomegaly                 (1) yes              (2) No 
         50-L.L oedema                     (1) yes              (2) No 
(D) Investigation 
         51-Serum albumin (before)…………………………… 
         52-Serum globulin (before)…………………………… 
         53-Hb (before)………………………………………… 
         54-Serum albumin   (after)……………………………. 
         55-Seruum globulin (after)……………………………. 
         56- Hb (after)…………………………………………. 
57-Stool for fat droplets (before)     
(1) significant            (2) Not significant 
         58-Stool for fat droplets (after)         
(1) significant            (2) Not significant 
         59-Serum amylase (before)……………………………….    
         60-Serum lipase     (before)………………………………. 
         61-Serum amylase (after)………………………………… 
         62-Serum lipase     (after)………………………………… 
         63-Outcome            
(1) improved          (2) Not improved          (3)Died 
 
 
